Soybean fasciation is controlled by a recessive gene affecting the shape of the aerial parts of the plant, which is characterized by flattened stem, infrequent branches and clustering of flowers and pods on shoot apices. Morphological feature of the fasciation mutation has been dissected, but molecular information is still limited. We developed three populations derived from the crosses between wild type cultivars and three Japanese fasciation varieties, Shakujodaizu, Taikadaizu and Shakujomame, respectively. The molecular mapping of the three F 2 populations revealed that the fasciation locus (F locus) was mapped on the chromosome 2 (LG D1b). Fine mapping experiment with a population consisting of 1536 seeds derived from the F 2 lines segregating for fasciation revealed that a DNA marker cosegregated with the fasciation phenotype. This DNA marker was dominant for wild type allele and the flanking region of this marker could not be amplified in Shakujodaizu as well as in the other two fasciation varieties, suggesting that some deletion or major rearrangement probably occurred at the f allele. Genomic information disclosed two predicted genes, Glyma02g36940 and Glyma02g36960, that were annotated in the vicinity of this DNA marker. The relationship between these candidate genes and the fasciation phenotype was discussed.
Introduction
Fasciation is a developmental mutation occurring in many different species of vascular plants (Kiesselbach 1926 , White 1945 , Zielinski 1945 . Fasciation mutation leads to a broadening of the main stem, large number of floral parts, and increase in the volume and weight of the plant as a result of a deviation of the meristematic processes. In Arabidopsis thaliana, a model plant for higher plants, the genetic mechanisms of fasciation mutation have been well-characterized using the mutants of CLAVATA1 (Clark et al. 1993 (Clark et al. , 1997 , CLAVATA2 (Kayes and Clark 1998) , CLAVATA3 (Clark et al. 1995) , FASCIATA1 and FASCIATA2 (Kaya et al. 2001, Leyser and Furner 1992) . CLAVATA1, CLAVATA2 and CLAVATA3 encode a leucine-rich repeat containing a receptor-like kinase (LRR-RLK), a LRR-RLK lacking a cytoplasmic signaling domain, and a small secreted peptide characterized as the CLE (CLAVATA3/ESR-related) gene family, respectively. FASCIATA1 and FASCIATA2 encode subunits of the A. thaliana chromatin assembly factor-1 (AtCAF-1) (Kaya et al. 2001) . These genes suppress stem apical meristem enlargement, and changes in the functions of these genes lead to a similar fasciation phenotype (Laufs et al. 1998 , Meyerowitz 1997 , Wilkinson and Haughn 1995 . Inefficient double-strand DNA break repair was found to be associated with increased fasciation using Arabidopsis BRCA2 (breast tumour susceptibility factor) mutant (Abe et al. 2009 ). In Zea mays L., a homolog of CLAVATA1 appeared to have the same function (Taguchi-Shiobara et al. 2001) . In some plants, e.g. in buckwheat, fasciation causes a decrease of growth characteristics and viability as a whole (Sakharov 1986) .
In soybean, the fasciation allele (f) is inherited as a single recessive gene (Albertsen et al. 1983 , Nagai 1926 , Takagi 1929 . More than three independent fasciation mutants, such as Keitomame characterized by chicken head-like clustering of pods, have been identified and crossing experiments showed that all the fasciation phenotypes were controlled by alleles at the same locus (Albertsen et al. 1983) . The mutation exerts multifaceted effects on plant development and pattern formation, and changes the phyllotaxy and plastochron (timing between consecutive organ initiation) of soybean plants (LaMotte et al. 1988, Tang and Knap 1998) . In early postembryonic development after seed imbibition, the size of apical meristem was almost identical and the mutation led to the enlargement of the shoot apex of which the shape changed from a dome to a ridge-like structure. The size of the first trifoliolate leaf primodium was different and Communicated by J. Abe Received September 28, 2010. Accepted December 2, 2010. *Corresponding author (e-mail: haradaq@nias.affrc.go.jp) the formation of the second trifoliolate leaf occurred in the mutant line at the stage just after seed imbibition (Tang and Knap 1998) , suggesting that the fasciation gene affected the embryogenesis during seed development. Moreover it was also suggested that the fasciation gene may be involved in balancing meristem maintenance and organ differentiation (Tang and Knap 1998) . The apical meristem of the fasciation mutant generates almost twice the number of leaves compared with the wild type plant, owing to meristem enlargement and rapid leaf primordia initiation. Strong apical dominance in the mutant suppresses the development of axillary meristems and leads to a branchless phenotype. The changes in the phyllotaxy and plastochron of leaf primordia led to a flattened and wide stem. Floral production occurs at the shoot apices and results in a pod-set pattern resembling cauliflower. Although the frequency of one seed pod on a fasciation plant was significantly high, the total number of seeds per plant was not appreciably different (Wongyai et al. 1984) . The drastic developmental changes caused by the fasciation allele do not result in a substantial reproductive penalty for the mutant plants. Fasciation mutants display two agricultural advantages; (1) branchless phenotype that enables to increase the plant density, and (2) concentrated floral production that is suitable for mechanical harvesting (Albertsen et al. 1983 , Wongyai et al. 1984 .
The genetic approach could be valuable for elucidating the factors involved in the development of the fasciation phenotype. The fasciation (f) locus was localized on LG 11 in the soybean conventional genetic map (Hedges et al. 1990 ). Although Cregan et al. (1999) mapped a large set of simple sequence repeat (SSR) markers and integrated three genetic linkage maps of soybean, the F locus was not mapped on the integrated linkage map. Karakaya et al. (2002) developed a mapping population of 70 F 2 progeny derived from a cross between 'Clark 63' and the fasciation mutant. They mapped the F locus on LG D1b, corresponding to the chromosome 2 assigned to Gm02, and showed that the F locus was linked to four SSR markers (Satt005, Satt141, Satt600 and Satt703). However, detailed additional information about the F locus is not available. In the present study, we determined the precise location for the F locus in the physical DNA region using the published soybean genome sequence (Schmutz et al. 2010) , and identified the candidate genes for the F locus.
Materials and Methods

Plant materials and phenotypic investigations
In this experiment, three mapping populations derived from three parental combinations were used. One population was derived from a soybean cv. Fukuyutaka (F/F; JP29668) and fasciation var. Shakujodaizu (f/f). The Shakujodaizu variety was obtained from the Nagano Vegetable and Ornamental Crops Experiment Station in Japan. The F 2 seeds originating from five F 1 plants were sown on July 1, 2008 and germinated seedlings were planted in the field at the National Institute of Agrobiological Sciences (NIAS), Tsukuba (36°02′N, 140°11′E). An F 2 population consisting of 221 individuals was grown under natural day-length conditions. The phenotype for fasciation was determined by characterization of pod clustering on the top raceme. Twenty seeds derived from each F 2 plant with a normal phenotype were grown in a greenhouse and used for the progeny test. Fasciation phenotype was evaluated based on the phyllotaxy of young leaves at 30 days after sowing. The number of seedlings with fasciation was recorded and the genotype at the F locus was determined in each line. Among the F 2 lines, lines No. 22 and No. 32 showed segregation for fasciation and had cross-overs between the F locus and SSR markers mapped around this locus . These lines were used to identify the position of the F locus in the physical map. Forty plants per line were used for DNA analysis and phenotypic evaluation as described above.
In the fine mapping experiments, 31 recombinant plants originating from F 2 lines segregating for fasciation were sown in a greenhouse and grown under short-day conditions (12 h light period and 12 h dark period). The ratio of the width of shoot diameter, number of leaf units on the main stem, number of nodes, and number of flowers on the top raceme were recorded after floral induction and termination of apical meristem development. The ratio of shoot width diameter was calculated from the diameter measured at the widest part of the main stem and the diameter measured at the same part upon rotation at 90 degrees.
The second and third populations were derived from the cross between Natto Kotsubu (F/F; JP29161) and Taikadaizu (f/f), a local variety collected in Nagano Prefecture, and the cross between Sachiyutaka (F/F) and Shakujomame (f/f) which has been maintained at the National Agricultural Research Center for Kyushu Okinawa Region (KONARC), respectively. Sachiyutaka is a breeding variety developed in KONARC. We assigned hereafter these three mapping populations as FS, NT and SS population with the initial letter of the parental varieties. The NT and SS populations, consisting of 616 and 192 F 2 individuals, respectively, were sown on June 25, 2007 at the Ibaraki Agricultural Center (36°44′N, 140°45′E) and on June 5, 2008 at KONARC (32°52′N, 130°44′E), respectively, and grown under natural day length conditions. The fasciation phenotype was determined based on the observations for shoot width, leaf phyllotaxy and clustering flowers on the top raceme in each F 2 plant.
Fasciation varieties with the same or similar variety names are deposited in the NIAS Genebank . However these varieties have different accession numbers and the origins of these fasciation lines were not clear. In this study, we treated these fasciation varieties as independent genetic resources.
DNA isolation
Genomic DNA was extracted from fresh trifoliolate leaves of three-week-old plants using the standard cetyltrimethyl ammonium bromide (CTAB) method (Murray and Thompson 1980) for genotyping of the three F 2 populations, progeny test with the FS population, and confirmation of recombinant plants selected from fine mapping experiments. Seed powder collected from F 3 seeds originating from F 2 plants heterozygous for the F locus, was used as the material for DNA extraction for fine mapping. The seed coats were partially removed with a surgical blade and 10-20 mg of seed powder was collected from each cotyledon with an electric drill to avoid damaging seed hilum and hypocotyl. In total, 1536 seeds were used for the screening of the recombinant plants between markers 1 and 3 (see the section of DNA marker analysis). Genomic DNA was extracted with a buffer containing chaotropic salts and the supernatant of the DNA solution was purified with a DNA binding unifilter (GE Healthcare Japan, Tokyo, Japan) after washing twice with the buffer, according to the manufacturer's instructions. Eluted DNA with sterilized water was directly used as a template for PCR analysis.
Analysis of SSR and additional DNA markers
Four SSR markers (Satt005, Satt141, Satt600 and Satt703) linked to the F locus (Karakaya et al. 2002) , and 25 SSR markers (Sat_089, Sat_135, Sat_139, Sat_169, Sat_415, Satt041, Satt095, Satt157, Satt172, Satt189, Satt266, Satt274, Satt282, Satt290, Satt350, Satt428, Satt459, Satt506, Satt537, Satt542, Satt546, Satt558, Satt579, Satt604 and Satt644) on the soybean linkage group D1b assigned in NCBI Map Viewer (http://www.ncbi.nlm. nih.gov/) were selected and used for preliminary mapping of the fasciation locus.
Genomic DNA (20-30 ng) was used as template and PCR reactions were performed using Ex-Taq (Takara Bio Inc., Shiga, Japan) with the following reaction conditions: 35 cycles at 96°C for 30 s, 58°C for 30 s and 72°C for 1 min (condition I), and 40 cycles at 96°C for 30 s, 58°C for 30 s and 60°C for 1 min (condition II). PCR products were separated by 10% (w/v) polyacrylamide gel electrophoresis and visualized with ethidium bromide (EtBr). Details on additional DNA markers developed in the present study are summarized in Table 1 . Briefly, SSR motifs were extracted using Perl script from the sequence deposited in soybean genome sequences and the primers that amplify the target SSRs were designed using Primer 3 (Rozen and Skaletsky 2000) . Other DNA markers based on single nucleotide polymorphisms (SNPs) were developed from the soybean genome sequence selected at random. The SNPs between Fukuyutaka and Shakujodaizu were identified from direct sequencing of the amplified products.
Linkage analysis
Linkage analysis was conducted using Mapmaker/Exp 3.0 (Lander et al. 1987) . Recombination frequencies were converted to map distances in centimorgan by the Kosambi function (Kosambi 1944) .
Results
In soybean, fasciation is controlled by a single recessive gene. We confirmed this mode of inheritance using a mapping population derived from cv. Fukuyutaka (F/F) and var. Shakujodaizu (f/f). The fasciation morphology is characterized by the presence of a broad and flattened stem and ridgelike apical meristem with a cluster of leaves, flowers and pods (Fig. 1A) . In the FS F 2 population consisting of 221 plants, the fasciation phenotype was observed in 44 plants. Segregation was observed not only for the fasciation phenotype, but also for other agronomically important characteristics, such as flowering time and maturity. Variations in the degree of the fasciation phenotype, from narrow to broad stems, were also observed. The segregation ratio of fasciation, however, coincided well with the ratio of 3 : 1 ( Table 2 ), suggesting that the fasciation phenotype was similarly controlled by a single recessive gene in this population. To locate the fasciation locus more precisely, a progeny test was performed for the F 2 plants with the normal phenotype. Twenty plants per line were used and the genotype of each line was classified into heterozygous (F/f) or homozygous for normal allele (F/F). Fasciation phenotype was determined based on the phenotype of phyllotaxy of the first to the third trifoliolate leaves (Fig. 1B) . The ratio of fasciation phenotype observed in the progeny of F 2 lines was distributed with an average value of 26.8% ± 10.3 (standard deviation; range 5.3-66.7%). The progeny test revealed that the segregation ratio of the co-dominant fasciation genotype fitted well to a 1 : 2 : 1 ratio (Table 2) . Karakaya et al. (2002) mapped the fasciation locus on the linkage group D1b + W (now designated as Gm02) and an allelism test indicated that the fasciation mutants originating from different landraces harbored the same mutated gene (Albertsen et al. 1983) . Based on the results of our SSR marker analysis, the SSR markers deposited in public database showed a low degree of polymorphism between parental lines. Only five SSR markers (Satt537, Satt611, Satt189, Satt041 and Satt546) out of 25 markers were polymorphic and reproducible in our experiments. The fasciation locus was mapped on the same linkage group (Gm02) between the markers Satt189 and Satt041 with the distances of 4.7 cM and 0.8 cM, respectively, (Fig. 2) . Although the progeny test is generally useful in estimating the genotypes for a dominant characteristic, several discrepancies were observed between the estimated genotypes for fasciation and the genotypes for the two flanking SSR markers. These discrepancies may have resulted from a small sample size (20 plants) used in the progeny test. In addition, some segregants showed no definite phyllotaxy in their phenotypes. Incorrect genotyping probably interrupts the precise mapping experiments.
Hence additional experiments were conducted to reveal the fasciation locus in detail. Two SSR markers, Satt189 and Satt041, are located in the two genomic clones BH126369 and BH126310 deposited in the DNA databank, respectively. The BLAST search with these two genomic clones for the soybean genomic sequence Glyma 1.0 (http://www.phytozome.net; Schmutz et al. 2010) showed that the positions of these SSR markers matched the sequence from 38,070 kbp to 42,619 kbp on Gm02. We designed new SSR markers using this 4.6 Mbp sequence and obtained two SSR markers (markers 1 and 3; Table 1 and Fig. 2 ) that were polymorphic between the parental lines. Due to the low polymorphism of the SSR markers analyzed so far, one SNP marker (Marker 2; Table 1 ) was also used for mapping. To precisely identify the fasciation locus, the progeny of two F 2 lines consisting of 40 plants were analyzed with these DNA markers. While these two lines had a homozygous genotype for the SSR marker 1 or 3, the fasciation phenotype cosegregated with the genotype of marker 2 (Fig. 2 and Table 1 ). These results indicated that the location of the fasciation locus was restricted physically in the 170 kbp region that contained marker 1 (42,196 kbp on Gm02) and marker 3 (42,367 kbp).
Although the use of a co-dominant marker offers optimum information for linkage analysis, the progeny test with a large size population is laborious and time-consuming for the mapping of a recessive gene in crop plants like soybean. We therefore screened 1536 seeds to select those homozygous for the Shakujodaize allele at one of the two SSR loci, markers 1 and 3, and heterozygous for the other. A total of 31 recombinants were analyzed for the fasciation phenotype. Although the resolution of mapping analysis is reduced, this approach can simplify the linkage analysis of a recessive gene. The seeds harboring recombination were germinated and grown. In the F 2 population analysis, phenotypic segregation in several agronomically important traits and various fasciation patterns were observed. To decrease the phenotypic segregation affected by other genetic or environmental factors, recombinant plants were grown under short-day conditions in a greenhouse. Most of the plants developed buds at the same time, one month after sowing, under these conditions. As mentioned above, the fasciation phenotype changes the phyllotaxy and is characterized by a flattened stem and clustering of flowers on the apical meristem. Several morphological traits, including the ratio of the width of shoot diameter, number of leaflets on the main stem, number of nodes and number of flower buds on the top raceme were investigated. Although all the traits were significantly different between the normal phenotype (F/f) and mutant phenotype (f/f), the f/f phenotype was easily classified when the number of buds on the top raceme was used as a measure of fasciation ( Fig. 1C and Table 3 ). The DNA marker analysis, including two additional markers (markers 4 and 5; Table 1 ) derived from the soybean genome sequence showed that the fasciation phenotype completely coincided with the genotype of the marker 4 (Table 1 and Fig. 3 ). This marker was dominant for the Fukuyutaka allele and located in the position of 42,323 kbp on Gm02 (Fig. 4) . There were several genes (Glyma02g36940 to Glyma02g37010) predicted in this region including markers 3 and 5. Out of these genes, the sequence of Glyma02g36970 (from 42,326 kbp) encoding a putative asparatic peptidase was completely identical between Fukuyutaka and Sakujodaizu (approx 1000 bp; data not shown). In addition, a direct sequence analysis showed that the amplified products from Glyma02g36940 in Fukuyutaka were identical with that of deposited one. On the other hand, the same primers amplified a part of Glyma17g07810, a paralog of Glyma02g36940 with 94% similarity, from Shakujodaizu (data not shown). The first to fifth exons of Glyma02g36940 (42,314.5 kbp) were amplified from Shakujodaizu. Flanking region of marker 4 (marker 4′) originating from Glyma02g36960 was similarly dominant for Fukuyutaka (Fig. 4B) . These results of PCR analysis and direct sequencing revealed that about11 kbp flanking region of this marker (42,314.5 kbp to 42,326 kbp) probably could not be amplified from Shakujodaizu, suggesting that some deletion occurred at Shakujodaizu allele (Fig. 4B) . However, we could not yet obtain a DNA clone including this deleted region. Further investigation is needed to reveal the sequence structure in this region for Shakujodaizu. Two genes, Glyma02g36940 and Glyma02g36960, in the deleted region, were expected to encode a leucine-rich repeat receptor-like kinase and a WD-repeat protein, respectively. Based on test cross experiments, Albertsen et al. (1983) showed that several fasciation varieties had the same mutated gene. We analyzed the additional mapping populations to confirm whether the polymorphic pattern between Fukuyutaka and Shakujodaizu for marker 4 was common in other fasciation varieties. In the NT and SS populations, the fasciation locus was mapped on almost the same position as the F locus in the FS population (data not shown). As in Shakujodaizu, Taikadaizu and Shakujomame showed the lack of PCR amplification for marker 4 and its flanking region (marker 4′) (data not shown). The genotypes of the F 2 plants with a cross-over in this region indicated that the fasciation locus is physically restricted to the same region (50-90 kbp region including marker 4) in both populations as in the FS population. These results showed that the fasciation locus derived from the three Japanese fasciation varieties cosegregated with the deleted region, including two functional genes considered to be candidate genes for soybean fasciation.
Discussion
In soybean, the fasciation gene was first reported in 1919 (Takahashi and Fukuyama 1919) . Pairwise crossing of mutant varieties harboring the fasciation genes resulted in the production of F 1 plants showing the same fasciation stem phenotype (Albertsen et al. 1983) . Allelism test using several fasciation mutants originating from independent genetic sources confirmed that the same gene was related to soybean fasciation. Moreover mapping analyses of the fasciation locus performed here as well as in a previous study (Karakaya et al. 2002) showed that the fasciation genes originating from Shakujodaizu, Taikadaizu and Shakujomame were probably identical. Morphological and agrobiological characteristics have been well evaluated in several studies (Albertsen et al. 1983 , Tang and Skorupska 1997 , Tang and Knap 1998 , Wongyai et al. 1984 . The morphological changes on the shoot apical meristem (SAM) did not result from fusion of two or more meristems but were caused by enlargement, followed by growth along one axis or sub-angular growth of a single apical meristem (Tang and Skorupska 1997) . Soybean varieties with fasciation showed a wide variation in the degree of stem fasciation with a noticeably different pattern of pod setting pattern (Wongyai et al. 1984) . Moreover, the phenotype of the fasciation mutant was complicated by incomplete penetrance and expressivity, which made it difficult to define allelic differences based on the mutant phenotype (Tang and Skorupska 1997) . In our experiments, the fasciation phenotype in the F 2 population widely varied in the field, whereas the degree of morphological change decreased as observed in the greenhouse under SD conditions. These findings indicate that the enlargement of SAM to provide additional space for leaf and floral primordia may be affected by environmental and other genetic factors. Clarifying the mechanisms of fasciation phenotype may therefore require further studies on the combined effects of various internal and external factors. In Arabidopsis, several fasciation mutants have been analyzed at the molecular level. FASCIATA1 (FAS1), FAS2 and FAS3 [identical with CLAVATA1 (CLV1)] were isolated by EMS mutagenesis and X-ray irradiation (Koornneef et al. 1983 , Leyser and Furner 1992 , Reinholz 1966 . These mutants displayed irregular phyllotaxy and a wide and flattened inflorescence (Leyser and Furner 1992) . Genes responsible for these mutants encoded a large subunit of chromatin assembly factor (CAF) 1 (FAS1), a secondary subunit of CAF1 (FAS2) and a leuicine-rich repeat receptor-like kinase (LRR-RLK; CLV1), respectively (Kaya et al. 2001 , Stone et al. 1998 . FAS2 gene contains a WD-repeat domain in its amino acid sequences (Kaya et al. 2001) . The characterization of these fasciation mutants indicated that fas1 and fas2 exerted almost the same morphological effects, since both CAF1 subunits form a complex together (Kaya et al. 2001) .
The fine mapping experiment performed in the present study showed that the co-segregated region included the two predicted genes, Glyma02g36940 and Glyma02g36960, encoding a LRR-RLK and a WD-repeat protein, respectively. LRR-RLK and WD-repeat protein represent large gene families in the plant genome. Both proteins play a role in various developmental processes in plant. The LRR motif appears to be involved in protein-protein interactions. Similarly, repeated WD motifs also act as a site for protein-protein interaction, and proteins containing WD repeats are known to act as platforms for the assembly of protein complexes or mediators of transient interplay among other proteins (Reviewed by Dievart and Clark 2003, Smith et al. 1999) . Several soybean fasciation researchers mentioned that the phenotype of the fasciation mutants was similar to the intermediate mutant phenotype of clv1 Skorupska 1997, Tang and Knap 1998) . Soybean homologs corresponding to the CLV1 (Glyma12g04390 and Glyma11g12190) and FAS2 (Glyma05g32430 and Glyma08g16590) genes were excluded from the candidates for fasciation gene due to their different genomic positions (Karakaya et al. 2002 , Yamamoto et al. 2000 . In addition, the similarity between these homologs and the candidate genes identified in the present study was relatively low (data not shown). Amino acid sequences encoded by Glyma02g36940 and Glyma02g36960, showed high similarity to that of AT4G30520 (73.5% identity) and AT4G30510 (69% identity), respectively. Although the function of both proteins has been partially characterized in Arabidopsis (Ohashi-Ito et al. 2005, AT4G30520 and Xiong et al. 2005, AT4G30510) , the functional relationships between the fasciation phenotype and these genes remain unclear. It appears that the soybean fasciation is probably controlled by different mechanisms. However, it is noteworthy that missense mutations in the LRR sequence led to a very abnormal phenotype in Arabidopsis clv1 mutants, because the loss of the capacity to receive ligands or to form dimerization with other counterparts, such as CLVATA2, exerted the dominant negative effects on the mutant phenotype, whereas the null mutation resulted in an intermediate phenotype (Divart and Clark 2003) . It is likely that the deletion or remarkable sequence variation in the regions including the two genes, Glynma02g36940 and Glyma02g36960, leads to a mutant allele(s) for the fasciation and conditions a phenotype similar to the Arabidopsis clv1 mutant. The soybean fasciation phenotype observed in the three varieties tested probably originated from mutation(s) in the same gene(s). In this study, however, we could not determine which of the two candidate genes was responsible for soybean fasciation. Further studies should be carried out to analyze the mechanism of this mutant gene. Identification of the genomic clone, including the region around this locus, is necessary to compare the genomic structure among independent mutant varieties originating from different genetic sources. Expression analysis and complementation test could reveal the responsible gene(s) for fasciation.
A drastic decrease in the number of pods in the bottom part of the stem without a reduction of seed productivity in fasciation varieties might be desirable for mechanical harvesting to decrease seed loss (Wongyai et al. 1984) . Pod clustering at the stem tip of Shakujomame may enable the accumulation of photosynthetic products from the leaves in higher parts of the stem with high photosynthetic activity, and the distribution of pods along the stem was not easily influenced by plant density (Fujita personal communication). These characteristics suggest that the fasciation gene could be used for the breeding of varieties suitable for cultivation with a higher planting density and mechanical harvesting.
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